Monochorionic-diamniotic twins (MoDi) occur in 0.3% of all pregnancies. Twin-to-twin transfusion syndrome (TTS) that occurs in 20% of MoDi pregnancies is associated with high perinatal morbidity and mortality. MoDi twins without TTS are more frequent (80%) but have been scarcely reported.
INTRODUCTION
Every year 4 million infants are born in the United States and approximately 130,000 are twins. 1 Perhaps due to artificial reproductive technologies, the overall prevalence of twin deliveries has increased 48 per cent between 1990 and 1998. 1 A populationbased analysis of 7 million singletons and 156,690 twins born in the state of Maryland showed that although twins represented only 2.5% of the entire group, they accounted for 12.6% of the total perinatal mortality. 2 Only one-third of all twins are monozygotic but about 75 per cent of the monozygotic twins are monochorionic. Chorionicity, rather than zygosity is very important, because monochorionic placentation increases the risk of early pregnancy losses. [3] [4] Furthermore, monochorionic twins have a perinatal mortality twice as high as that of dichorionic twins and four times that of singletons. 2, [5] [6] [7] Monochorionic twins could be monochorionic-monoamniotic (2%), monochorionic-diamniotic (MoDi) with twin to twin transfusion syndrome (TTS) (18%) or MoDi without TTS (80%). [8] [9] [10] Monochorionic-monoamniotic twins have the highest incidence of perinatal losses, congenital malformations, perinatal mortality and perinatal morbidity. [11] [12] [13] MoDi twins with TTS who represent only one-fifth of all monochorionic twins generate the most concern because they have a substantial perinatal mortality and morbidity. 7, 9, [14] [15] MoDi twins without TTS represent the majority of monochorionic infants but have been rarely studied. 11, 16 The purpose of the present investigation was to study perinatal mortality and morbidity for MoDi twins without TTS.
METHODS
Demographic and clinical data were obtained from medical records of women with monochorionic pregnancies who delivered at The Ohio State University Medical Center between 1990 and 2004. This study was approved by the Institutional Review Board. Gestational age (GA) was determined sonographically or by examining of the newborn infant. Within each set, twins were classified according to their birth weight into large and small sizes. Discordance was calculated as the difference between the birth weight of the large and the small twin expressed as a percentage of the large twin birth weight. 5,17 -18 Twin pregnancies were discordant if the inter-pair difference in birth weights was Z20%; the twins with smaller birth weight differences were concordant. 19 Chorionicity was established by histological examination of the placenta and zygosity was determined by chorionicity, infants gender and infant blood group. 6 Based on sonographic and pathologic evidence, all monochorionic gestations were classified as monoamniotic or diamniotic. TTS was diagnosed clinically and sonographically by the recognition of a single placenta, same gender, inter-pair birth weight difference; polyhydramnios in the recipient twin and oligohydramnios in the donor. 20 TTS severity was staged sonographically. 21 Acute fetal distress was defined by fetal heart rate abnormalities (late decelerations or decreased beat to beat variability) or by decreases in the biophysical profile score. 22 Chronic fetal distress was defined by growth restriction in combination with abnormal fetal Doppler values, oligohydramnios or both. 22 Neonatal depression was considered severe when 1 and 5 minutes Apgar scores were r3.
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Birth weight and GA for each individual twin were plotted on a growth nomogram specific for twins. 24 Those infants plotted at the 10th percentile or lower were considered intrauterine growth restricted. Umbilical cord hemoglobin was studied. For the few instances when cord blood was not available, the first arterial or venous hemoglobin recorded was used.
Respiratory distress syndrome was diagnosed using clinical and radiographic parameters. The need for mechanical ventilation and for exogenous surfactant was determined by the attending neonatologist. Severe bronchopulmonary dysplasia was defined by the need for supplemental oxygen at 36 weeks of postconceptional age. 25 Intraventricular hemorrhages were documented by head ultrasound and then were graded. 26 Considering that fetal weight discordance, and the presence of TTS affect obstetrical management and perinatal outcome, subgroups of concordant and discordant infants along with their mothers were compared.
Statistical Analysis
Comparisons between groups and subgroups were made using the Student's t-test for interval and w 2 analysis and Fisher's exact test for categorical data. The values were reported as mean, standard deviation (SD), range and median.
RESULTS
The study population consisted of 112 MoDi pregnancies. Of these, 74 (66%) were MoDi without TTS and 38 (34%) were MoDi pregnancies complicated by TTS. Mothers in these two groups were similar in demographic and clinical characteristics. Of these, 70% of the mothers were Caucasian, 20% African American, 5% Asian and 5% Hispanic. The median age for the entire group was 26 years (ranging from 16 to 40) and one half of the mothers were primigravida.
Antepartum complications of pregnancy for patients without or with TTS are shown in Table 1 . Discordant fetal growth (36 and 79%) and fetal growth restriction in one or both twins (39 and 89%) were less common among MoDi patients without TTS than among those with TTS. Incidence of preeclampsia (16 and 16%) was similar while the occurrence of preterm labor (77 and 47%) and acute and chronic fetal distress (16 and 42%) were different (p<0.01).
Antepartum steroids (76 and 66%), induction of labor (20 and 8%) and cesarean delivery (73 and 82%) occurred with similar frequency in pregnancies without and with TTS. All 74 mothers in the MoDi group without TTS delivered 148 live births while the 38 mothers with TTS delivered 75 live infants and one 20-week stillbirth.
Pregnancies complicated by TTS were treated with specific procedures such as septostomy (10%), laser photocoagulation (10%), serial amnioreductions (60%) or combinations of procedures (20%). Obstetrical management for concordant and discordant pregnancies with and without TTS was in general similar, although there were fewer inductions of labor in the group of mothers with TTS. In all, 48% of MoDi mothers without TTS and 89% of those with TTS delivered before 32 weeks of gestation. Regardless of weight discordance or the presence of TTS, all MoDi pregnancies ended at or before 36 weeks of gestation. The rate of cesarean delivery was similar in discordant and concordant in all pregnancies but it was more common among women with discordant growth without TTS.
Monochorionic Diamniotic Twins Without TTS
In all, 47 (64%) women with concordant and 27 (36%) others with discordant pregnancies delivered 94 and 54 live births, respectively ( Table 2 ). At delivery, GA (32±3 w) and mean birth weight of the larger twins (1744 and 1742 g) were similar while the mean birth weights of the smaller twins (1620 and 1286 g) were different (p<0.01).
Of these, 42 of 47 (89%) of large concordant and 25 of 27 (93%) of large discordant twins were appropriately grown for GA. Of these, 11 of 47 (24%) of small concordant and 18 of 27 (67%) small discordant twins were intrauterine growth restricted.
Apgar scores r3 at 1 minute were noted in 11% concordant and in 4% discordant infants. Apgar scores r3 at 5 minutes were recorded in 9% concordant and 2% discordant infants. Only two of 54 (4%) of the discordant twins died during the first day of life.
Umbilical cord hemoglobins for the large (16 g/dl) and for the small (15 g/dl) twins, the need for mechanical ventilation and exogenous surfactant (49 and 48%), and the length of hospital stay (23 and 24 day) were similar among concordant and discordant twins without TTS.
Severe bronchopulmonary dysplasia occurred in two of 91 (2%) concordant and in one of 48 (2%) discordant survivors. Other neonatal morbidities were patent ductus arteriosus requiring pharmacological or surgical ligation (7 and 2 cases) and necrotizing enterocolitis (1 and 0 cases) .
Neonatal death occurred in three of 94 (4%) concordant and six of 54 (12%) discordant twins. One infant from each group had fetal congenital malformations; all others were born before r32 weeks. There was no difference in neonatal mortality between the large and small twins.
Head ultrasounds were taken from 126 of 148 (85%) twins in this group. In all, 112 (88%) were normal, nine (8%) had Grade I-II, three (2%) had Grade III-IV intracranial bleeding and two (2%) had periventricular leukomalacia. Abnormal head ultrasounds occurred with a similar frequency among large and small twins.
Monochorionic Diamniotic Twins With TTS
In all, eight (21%) women with concordant and 30 (79%) others with discordant pregnancies delivered 16 and 59 live births, respectively (Table 3) . At delivery, GAs (28 and 29 weeks) and mean birth weights of the larger twins (951 and 1251 g) were different (p<0.01) while the mean birth weights of the smaller twins (809 and 811 g) were similar.
Six of eight (75%) of large concordant and 29 of 29 (100%) of large discordant twins were appropriately grown for GA. Four of eight (50%) of small concordant and 29 of 30 (97%) small discordant twins were intrauterine growth restricted.
Apgar scores r3 at 1 minute were recorded in 50% concordant and 36% discordant twins. Apgar scores r3 at 5 minutes were noted in 38% concordant and in 19% discordant infants. Four of 16 (25%) concordant twins and 13 of 59 (22%) discordant twins died during the first day of life.
Umbilical cord hemoglobins were significantly higher in the large discordant (recipient) than in the small discordant (donor) twin (17 and 12 g/dl).
The number of concordant and discordant infants who were treated with mechanical ventilation and exogenous surfactant (88 and 86%) and the lengths of hospital stays (26 and 20 days) were similar.
Severe bronchopulmonary dysplasia occurred in three of eight (38%) concordant and in six of 38 (16%) discordant survivors. Other neonatal morbidities noted were patent ductus arteriosus requiring pharmacologic or surgical ligation (2 and 4 cases) and necrotizing enterocolitis (1 and 0 cases).
Neonatal deaths occurred in eight of 16 (50%) concordant and in 21 of 59 (36%) discordant twins with TTS. Six of eight (75%) large concordant and two of eight (25%) small concordant twins Head ultrasounds were taken from 66 of 75 (88%) twins in the TTS group. In all, 56 of 66 (85%) were normal, six (9%) had Grade I-II, three (5%) had Grade III-IV intracranial bleeding and one (1%) had periventricular leukomalacia. Abnormal head ultrasounds occurred with similar frequency among large (recipient) and small (donor) infants.
DISCUSSION
Determining chorionicity is important because monozygotic monochorionic twins have a perinatal mortality and morbidity higher than that of monozygotic and dizygotic dichorionic twins and singletons of comparable GA. [6] [7] 9 The unique vulnerability of monochorionic twins is mainly related to the angioarchitecture of the placenta with vascular anastomoses that are not present in dichorionic placentation. [27] [28] Additional risk factors for monochorionic twins relate to the tendency for the common placenta to be shared asymmetrically and the potential for abnormal cord insertions. 5, 8, [29] [30] [31] In light of the above, it is not surprising that monochorionic twins are at greater risk for perinatal death, 3,4-10 intrauterine growth failure, twin growth discordance, 29,32-33 prematurity and adverse neurological outcomes. [34] [35] [36] The majority of these studies, however, do not include data from the commonly found MoDi pregnancies without TTS. 7, [9] [10] Clinical, sonographic and pathological studies of the placenta made the diagnosis of monochorionic-monoamniotic and MoDi with TTS relatively easy 7,9,14 but the diagnosis of MoDi pregnancy without TTS remains one of exclusion. It is possible that few cases of mild TTS may have been omitted in our investigation because of the absence of specific studies of the placenta. We believe, however, that our definition of MoDi pregnancies without TTS is valid for the purpose of the study.
The high perinatal mortality and morbidity of MoDi twins is probably attributable to TTS, intrauterine growth restriction and to the death of one twin. [11] [12] [13] 16 A recent study, reported intrauterine deaths in seven of 151 (4.6%) closely monitored MoDi pregnancies not complicated by TTS or by intrauterine growth restriction. 17 Six of these 10 (60%) fetal deaths occur at or after 34 weeks of gestation. Although 53 (72%) of the MoDi pregnancies reported here delivered at or after 34 weeks of gestation, we did not observe any fetal death. Nevertheless, the reported risk of fetal death in otherwise uncomplicated MoDi pregnancies, albeit low, is of concern and warrants evaluation. 17 It is well known that large inter-twin fetal (neonatal) growth difference is associated with significant perinatal morbidity and mortality. [17] [18] [19] Chauhaun et al. 33 reported similar frequency of growth discordance in monochorionic as in dichorionic pregnancies. In those studies, however, the authors did not differentiate between MoDi with and MoDi without TTS. Whereas Bajoria 27 studied 58 monochorionic placentas together with their clinical correlates and reported major growth discordance even in pregnancies not affected by TTS. These findings were more recently confirmed by others. 5 We report significant growth discordance in 36% of MoDi pregnancies without TTS. This is not an unexpected finding if growth discordance relates to asymmetric sharing of the placenta between the small and large discordant twin. [28] [29] In our group of monochorionic twins without TTS we have not observed hemodynamic problems such as anemia or polycythemia. This is probably due to the fact that their placentas do not have the unidirectional arterial-venous deep anastomoses typically found with TTS. [27] [28] We observed that in MoDi pregnancies without TTS, intrauterine growth restriction occurred in 24% of small concordant and in 67% of small discordant twins. These observations are important because the severity of fetal growth restriction increases the risk for fetal death and for significant neonatal morbidities. 37 Both of these factors may influence obstetrical management.
Our data showed that preterm labor accounted for half of premature deliveries in MoDi pregnancies without TTS. Uncomplicated twin pregnancies have a higher incidence of premature birth than singletons, 1 but monozygotic monochorionic twins are at greater risk of being born before 32 weeks of gestation. [6] [7] Maternal complications such as preeclampsia, acute fetal distress and intrauterine growth restriction with or without abnormal Doppler studies also played a major role in the decision leading to premature deliveries. Premature infants especially those born at or before 32 weeks of gestation are at risk for perinatal depression, respiratory distress, early and late onset sepsis, patent ductus arteriosus, necrotizing enterocolitis, intracranial hemorrhage, prolonged hospitalization and poor neurological outcomes. 37 Based on the incidence of complications of MoDi pregnancies without TTS reported here, one could speculate that annually in the United States alone about 5000 MoDi twins without TTS will be born at or before 32 weeks of gestation and that about 2500 of them will be intrauterine growth restricted.
In summary, we report that MoDi twins without TTS have high rates of birth weight discordance, fetal growth restriction, fetal distress, prematurity and cesarean delivery. Although as compared to MoDi twins with TTS their perinatal mortality is low, the reported occurrence and the short and long-term impact of fetal and neonatal morbidities warrants attention. Furthermore, our study provides valuable information for counseling parents with MoDi pregnancies without TTS and may be helpful for fetal surveillance and neonatal follow-up.
